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ABSTRACT  
Theauthorexploresthecharacteristicsofaproductiondigitallibraryoperation・Hesuggests  
thatfbrdigitallibrariestomature，PrOductionorganizationsmustbedevelopedandthatthese  
productionorganizationsmusthavecertaincharacteristics・Theseproductiondigitallibrary  
OPerationsmust：  
l・befullyintegratedintotheirparentorganizations；  
2・havemovedbeyondafbcuson＝pr（リeCtSHtooneofdeploylngandsupportlngClassesof  
SyStemS；  
3・reflectahighlevelofinvestmentconsistentwiththeinstitutionalmission；  
4．undertakelong－termmaintenanceanddevelopmentofthecollectionsandaccesssystems   
theysupport・  
UsingashisexampletheUniversltyOfMichiganDigitalLibraryProductionService，Price－  
Wilkinexaminesproductionorganizationsandexploresthreeareasofco11ectionsupportthat  
exemplifythesecharacteristics．   
INTRODUCTION  
Digita11ibrariesareinaperiodofexplorationandrapiddevelopment・Whileoursenseof  
Whattheyareorshouldbecomevaries，fbrthesakeofthisdiscussionweassumeade丘nition  
COnSistentwiththatarticulatedbyDonWaters，theDirectoroftheDigitalLibraryFederation：  
Digita11ibrariesareorganizationsthatprovidetheresources，  
includingthespecializedsta托toselect，StruCture，0ffbr  
intellectualaccessto，distribute，PreServetheintegrlty（嶋and  
ensurethepersistenceovertimeofcollectionsofdigitalworks  
SOthattheyarereadilyandeconomicallyavailableforusebya  
de鎖nedcommunityorsetofcommunities，［Waters，1998］  
Whileexperimentationandresearchareessentialtothedevelopmentofef托ctivedigital  
libraries，itisultimatelyfbrmallyde負nedandinstitutionallysupportedo7官anizationsthatwi11  
ensuretheviabilityofdigitalco11ections．   
WendyLougeehassuggestedthatwecanapplyakindofhumandevelopmentalmodeltothe  
fourdistinctstagesofdigitallibrarydevelopment，beginnlngWithInfancyandculminatlngln  
Maturity［Lougee，1998］・Infancyismarkedbyleamingthroughprqjects．Prqjectsnotonly  
facilitateleamlng，buttestresistancetoideas，findopportunities，unCOVerreSOurCeSand  
barriers，andeventua11ycreatestablebuildingblocks・hAdolescence，WeSeePeermOdeling  
andtheexplorationofbestpractices：here，thedigitallibraryhasbeguntolookoutwardboth  
tootherinstitutions，butalsotomethodsandfbrmatsthatwillensurelongevltyand  
interoperability・Thethirdstageofdevelopment，WhichshecallsthedigitallibraryasYoung  
Adult，iswherewe航ndtheorganizationsthatIwishtoexploreinthispaper・Inthisstageof  
development，We坑ndanincreaslngfbcusonco11aboration，eSPeCiallyfbrtheestablishment  
Ofstandardsandarchitecturesfbrinteroperability・Maturityismarkedbythepresenceofa  
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fullyfunctionlngdigitalsociety｝・amarketeconomy，andrichcollaborationandknowledge  
environmentssuchasthosefbundinUARC［Finholt，1995］．   
TherelativelylntenSefocusondigitallibrariesinthelastfbwyearshasresultedinahandful  
Offairlymatureproductionsupportorganizations・Althoughexperimentationfbrmaterials  
SuChasvideocontinuestobeimportant，theseorganizationshaveallsuccessfullymoved  
beyondtheearlystagesmarkedbyprq】eCtS，WOrkinisolation，anddeveloplngSuPPOrtfor  
basicfbrmatsandmethods・Infact，thesematuredigita11ibraryPrOductionorganizations  
exhibitanewsetofcharacteristicsthatareanimportantPartOftheirproductivltyand  
livelihood．  
1・Theyarenotonlyengagedwiththedigitallibrarycommun1ty，butarefu11ylntegrated   
intotheirlargerorganizations（SuChasuniversitylibraries）．  
2・Theserelativelymatureorganizationshavemovedbeyondafbcuson“prq）eCtS’’toa   
modewheretheyaredeploylngandsupportlngClassesofsystems－SyStemSintowhich  
morecontentcanbeadded．  
3・Theproductionorganizationsrenectahighlevelofinvestmentbythelargerinstitutions   
inwhichtheyareSituated．ThisinvestmentisconsistentwitharecognltlOnbythe   
institutionthatthedigitallibrarylSCriticaltoitsmission．  
4・Fina11y，andsign摘cantly，theseorganizationsundertakeqpen－endedmaintenanceand   
developmentofthecollectionsandaccesssystemstheysupport．Whileitisacertainty   
thatthemethodsandstrategleSfbrmaintenancewi11evoIve，SettlngatermOntheduration   
Ofresponsibilityfbracollectioncanonlycontributetoaprocessoftrivializingthe   
CO11ectionsofthedigitallibrary：thesedigita11ibrarycollectionsare，inef托ct，Our   
perpetualresponsibility．   
TheUniversltyOfMichigan’sDigitalLibraryProductionServiceisanoperationthatexhibits  
thesecharacteristics．Thediscussionthat払1lowsisonethatattemptstoillustratethevalueof  
thesecharacteristicsbyexploringtheorganizationofDLPSandthreemodelsystemsthatit  
usestoprovideahighdegreeoffunctionalityandcosトefftctivenessinbuildingthedigita1  
1ibrary．  
BACKGROtrND  
TheDigitalLibraryProductionServicelSPartOfalargerUniversityofMichiganDigital  
LibraryInitiative，1edbyoneoftheUniversltyLibrary’sthreeAssociateDirectors・TheUM  
DigitalLibraryInitiativeevoIved丘omasetofsuccessfu1butdivergentcampusdigitallibrary  
effbrtsinlargepartastheresultofa1991InfbmlationSymPOSium，CreatlngaCamPuS  
COmmitmenttobuildingan“infbrmationagenda”［坤rmationandPeqple，1991］・That  
InfbrmationSymPOSium，invoIvingabroadcross－SeCtionoftheUniverslty，Culminatedwitha  
numberofrecommendations．Thecampusshouldattemptto：  
・bringtogetherlibraryandteclmologyexpertise  
・developvisiblepr可ects  
・Createan“InfbrmationCommunlty”  
Eventually，1nSuPPOrtOfthesegoals，theheadsofthethreeprlnCIPalinformation  
organizationsoncampus，theInfbrmationTechnologyDivision，theSchoolofInfbrmation，  
andtheUniversltyLibrary，COmmittedjolntfundingfbraDigitalLibraryhitiative・This  
fundinglnCludedsupportfbrthecreationofapositionandfundingfbrprq］eCtSthatwould  
havecampusimpact．  
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Eventhiscommitmentwassituatedinasetoflargeraccomplishments，Whichallowedthe  
formalizationofgoalsforcampusdigitallibrarylnitiatives．PriortotheInfbrmation  
SymPOSium，theUniversityLibraryhadbeguntoembarkonsomepreliminaryandperhaps  
formativeeffbrtstobuilddigitallibrarycomponents・Wideareaaccesstonon－bibliographic  
infbmationsources－i．e．，tOthedatathemselves，ratherthanmetadataTbecameafocal  
effbrtoftheUniversltyLibraryinthelate1980，s・TheUniversltyOfMichiganLibraryputin  
placeamodestprogramofsupportfbrstatisticaldata重・1es，beganeXPlorlngdeliveryofGIS  
data，andthenultimatelyputinplaceafbrmalaccesssystemfortextencodedinSGML・1  
TheLibraryhadbeguntobuildsystemsfbrstorlngandaccesslnglibrarycollectionsin  
electronicformatS．   
A氏ertheInfbrmationSymposium，beglnnlngin1992，theUniversltyLibraryundertooka  
numberofinitiativesthatlaidthegroundworkfbrfutureworkandfuturerelationships・Some  
ofthese，liketheLibrary，sGopherserver，Wereunremarkableintheiruseoftechnology，but  
Playedimportantrolesininfbrmationprovisionandpartnerships・Others，1iketheUM  
implementationofTULIP，PutinplaceslgnificantPleCeSOfin舟astruCturethatwouldlater  
proveinstrumentalintheUniversity，sdevelopmentofdigitallibraries・TheLibrary，sGopher  
serverWaSremarkableinatleastonerespect，itsaggressiveapproachtoputtlngCOllection  
materialonline・AlthoughithadpreviouslyundertakensimilareffbrtspTiortoGopher（C£  
UMLibText），thenewmechanismallowedLibrarystafftomountcollectlOnSlikestatistical  
infbrmation録omtheCommerceDepartmentinwaysthatreachedextremelybroadaudiences  
［York，1994］・ThestrongpresenceoftheLibrary’sGopheron？amPuSalsocontributedto  
earlycooperativeef払rtswiththeUniverslty’scomputlngOrgan1ZatlOn，ITD・TULIP’s  
contributionswereevenmoreprofbund，iflessvisible・2AlthoughMichigan，swasoneof  
severalEIsevierTULIPimplementations，attheUniversltyOfMichiganTULIPspawneda  
development七fhrtthatsawthecreationofFTL，thesearchenglnenOWuSedbyJSTOR，and  
tif2g桟DougOrr’soptlmizedGIFgeneratorforTIFFG4images，nOWuSedbytheUniverslty  
OfMichiganMakingofAmericasystem・   
Abroad，CamPuS－Widepartnershiphasplayedapowerfu1roleinmovlngtheconceptof  
digitallibrariesfbrwardattheUniversltyOfMichigan・Asmentionedearlier，theLibrary’s  
Gopherprq］eCtPlayedanimportantroleinestablishingapartnershipbetweentheUniversity  
OfMichigan’sLibraryandtheInformationTechnologyDivision・LikeGopher，theTULIP  
effbrtcontributedtobringlngtheLibrarytogetherwithanothercampusentlty，theSchoolof  
Information．Thesepartnershipswerefbrmalizedin1993，andWendyLougeewasappolnted  
thedirectorofcampus－Widedigitallibraryeffbrts・ThatpartnershipISaPOWerfulpresence  
todayintheUniversltyOfMichigan’sdigitallibrarywork，Withmanagementandadvisory  
COmmitteescomposedofrepresentatives丘omeachoftheorganizations，andmulti－  
Organizationalfundingfbrinitiatives．   
AnumberofsignincantUMdigitallibraryef払rtsbeganin1994・Amongtheseisthenow  
Organizationa11yindependentJSTOR，Whichgrewrapidlyinsizeandscope，andnowplays  
animportantroleinshaplngOureXpeCtationsaboutarchivingandretrospectiveconversion  
［Guthrie，1997］．Anotherm年iorinitiativeappearingin1994wastheUMHumanitiesText  
hitiative，Whichservedtoexpandtheear1ierUMLibTexteffbrtandprovideaslgnincant  
lNurnericdataweremadepubliclyavailableviaFTP（SeeYork，1998），andusersupportfbrcodebookuseand  
modestdataextractionwereprovided・TheUMLibTextisdescribedseveralplaces，1nCludingPrice－Wilkin，  
199l．  
2ForasummaryoftheTULIPprqject，SeeLibraTyHi－Tbch13：4（1995），Whichincludesaseriesofarticleson  
也etopic．  
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WWWpres？nCefbrtheUniversity’sSGML－basedtextco11ections［PowellandKerr，1997］・  
AIsoappeanngin1994wastheUniversltyOfMichigan’sNSF朋ASA仏RPA血ndeddigital  
libraryeffbrt，fbcuslngnOtOnPrOductiontechnologleS，butontheroleofagenttechnologleS  
anddistributionofresponsibilityfbrthedigita11ibrary［Durfte，KiskisandBirmingham，  
1997］．Thebreadthofthese1994initiativesprovidessomeindicationofthef山itfu1nessand  
VarietyoftheevoIvingenvironmentatMichigan．（figurel）   
ItwasthisgrowlngPrOliftrationofsignincantdigitallibraryactivities岬aCtivitiesthathad  
movedwellbeyondtheHexperimental”andhadbeguntoreachwideaudiences～that  
COntributedmosttotherecognltlOnOfaneedfbradigitallibraryproductionorganization．  
Between1994and1996，Whiletheactivitiesmentionedabovecontinuedtogrow，neWe恥rts  
atMichiganwereintroduced，andalongwiththemnewmodelsandformats・Amongthe  
SlgnincanteffbrtsundertakenwereUM，sMESLimplementation，theUMMakingof  
Americadevelopment，andnegotiationoftheEIsevierJOurnalcontentthatwouldlatergointo  
thePEAKsystem［StephensonandMcClung，1998；Bonn，1999；MackiepMason，1997］．  
Theseinitiativeswi11bediscussedingreaterdetaillater，buttheybroughttothedigitallibrary  
environmentatMichiganavarietyofsignincantnewelements・Notonlywerenewfbrmats  
Or 
． 
highlighttheabsenceofaforma11ydennedorganizationtosupporttheeffbrt．In1996，the  
groupthatguided（？）WendyLougeeincampusdigitallibraryeffbrtsembracedaplanfbr，  
andthencommittedtheresourcesneededtocreate，adigitallibraryproductionservice．   
FoRMATIONOFDLIIS   
ORIGINS  
TheUniversltyOfMichiganDigitalLibraryProductionServicewasfbrmedin1996through  
acommitmentofresources丘omthefburorganizationsthenguidingthecampusDigital  
LibraryInitiative・TheInfbrmationTechnologyDivisionallocatedasubstantialsumfromits  
personnelbudget（andmanyearlyDLPSstaffwerehired打omITD）．Thenewly払rmed  
MediaUnion，hometotheUniverslty，sadvancedandrobustCAENcomputlngOrganization，  
providedDLPSwithhardwareandso氏ware，Staffsupportfbrhardware，anduseofaclimate－  
COntrOlled払cilitywitharound－the－Clbcksupport．TheSchoolofInfbrmationandthe  
UniversityLibraryprovidedacombinationofstafnng，hardware，andspace（aswellasfunds  
fbrrenpvationofthespace）・Additionally，theUniv？rSityLibraryfu11yfundedalldigital  
COllectlOnSandmostofresourcesnecessaryfbrcreat10nOfnewmaterials．Formed丘om  
resources丘omthefburorganizations，DLPSworkswitheachtoensurethatitismeetlngthe  
goalssetoutbyeach・Forexample，DLPSsupportsm句OrCOllectionsusedbyfhcultyand  
StudentsinSchooIsandCo11egesprogrammatica11ylinkedtotheMediaUnion．   
DLPSwasestablishedwithclearlyde重nedareasofresponsibility．Notonlywoulditprovide  
long－termSuPPOrttOthegrowingarrayofproductiondigitallibraryoperations（e．g．，the  
HumanitiesTextInitiative）attheUniversityofMichigan，butitwouldundertakeaprocessof  
articulatingandimplementlnganumberofhigherlevelgoals．DLPSwasmaderesponsible  
fbrde蔦ningneaトtermdigitallibraryarchitecturesfbrthecampus，Prlmarilyre貞ningthose  
mechanismsithadalreadyputinplace，andextendingthemtocreateamorefu11yintegrated  
environment・Similarly，ltWOuldworktotakelessonsleamedinpreviouseffbrtstodenne  
appropnatedocumentordatastructuresfbrthedigita11ibrary・Thisgoalwasseenasessential  
fbrensunngthatourinvestmentsmadeindigitizationwouldhaveenduringvalue・DLPSwas  
alsomaderesponsiblefbrapplicationdevelopmentandmaintenanceinthosepnmaryareasof  
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responsibility（e・g・，bitonalpageimagesystems，COntinuoustone 
． 
takeresponsibilityfbrthemaswell．Finally，DLPSwaschargedwithresponsibilityfbrbasic  
OPerationssuchasdataloading，andensunngthatserverSandsoftwarehaveappropnate  
levelsofmaintenance．  
INTEGRATIONINTOTHELIRRARYANDRELATEI）ORGANIZATIONS  
TheUniversltyOfMichiganDigitalLibraryProductionServicewasnotintendedtooperate  
SelfNSufnciently，1nisolationofthecontributingorganizations・Thereareimportanttiesto  
eachoftheotherorganizations，andespeciallytheUniversltyLibrary．Forexample，DLPS  
reliesontheInfbrmationTechnologyDivisionandtheMediaUniontoprovideahighlevel  
OfcomputlngSuPPOrt，Whichthoseorganizationsviewascriticalandenablingin丘astruCture．  
Theservicesareprovidedinamannerconsistentwiththemissionofthedigitallibrary（e．g．，  
uninterruPtedsupportforserverS，aSWe11asunlqueSeCurltyandoperatlngSyStem  
COn茄gurations），enSuringthatDLPSstaffaredevotedtobuildingandmaintainingdigital  
librarycollections，ratherthanthehardwareonwhichtheyreside・   
MainstreamLibrarystaffmembersprovideanarrayOfservicescriticaltotheoperationofthe  
digitallibrary．PublicservicestafFme血bersprovideusersupportfbronlinecollections，aS  
We11asend－uSerinstruction．Collectiondevelopmentstaffmembersareresponsiblefor  
SelectlngdigitalcollectionsfbrlocaldeploymentandworkwithDLPSstaffon“E－Teams”to  
Weightheadvantagesanddisadvantagesofalternativemeansofdelivery．Preservationsta托  
Withguidance丘omDLPS，makedeterminationsofthemostappropnatemeansofdigital  
CaPture，andthenpreparethematerialsfbrdigitalcapture（OCCaSiona11yoperatingequipment  
fbrtheactualcapture）．MainstreamCatalogingstaffmemberscreatedescriptivemetadatafbr  
loca11y－COnVertedmaterials，andspecializeddigitalmetadataspecialistsintheCataloglng  
DepartmenthelpguideDLPSindecision－makingfbrmapplngbetweenstandards，displayof  
bibliographicelements，andrelatedissues．Similarly，DLPSmaintainsimportant  
relationshipswithotherareasoftheLibrary，1nCludingtheLibrarySystemsO餌ce，  
Acquisitions，andSpecialCollections・AlthoughDLPSstaffmembershaveresponsibilities  
thattouchonalloftheseareasoflibraryoperation，theintentionofthisdesignlStOenSure  
thatthemostqual摘edstaffmemberperfbrmseachtask；theintentionisnottorecreatethe  
LibrarywithinDLPS・Consequently，DLPSisfu11yintegratedintotheentireLibrary  
OPeration．  
MISSION  
Likeitssta稚ng，thegoalsoftheDigitalLibraryProductionServicearemorespecincthan  
thelargerorganizationswithinwhichitexists，includingthoseofthecampus－WideDigital  
LibraryInitiative・Thecampus－WideDLIhasresponsibilityforcreatlngaCOllaborative  
Organizationandacoherentenvironmentfornetworkedinfbrmation，Whetherlocally－  
maintainedorheldremotely・Further，theDLIhasabroadermissioninitsresponsibilityto  
explore，forexample，eCOnOmicandpolicylSSueSfbrthecamPuSandbeyond・Bycontrast  
DLPS’responsibilitiesareconstrainedtoinfbrmationthatisheldlocally（eitheratthe  
UniversityofMichigan，PratOtherinstitutionswhereweareassistinginimplementations）・It  
isresponsiblefbrdesignlng，Creating）andmaintainingthemechanismsneededtodeliver  
－30－   
1ibraryinfbrmationvianetworkedmechanisms・3wherepossible，DLPSworkstoprovide  
COherencetodistributedactivitiesoncampus，tyPICallybyfヒderatlngCOllections‖0wnednby  
OrganizationsoutsidetheLibrary・ItisimportanttOnOtethatDLPSrespectstheautonomyof  
thosecollections，Of托ringincentivestojoininfbderationandensming（wherepossible）that  
thoseco11ectionscanbeaccessedindependentlythroughmechanismssupportedbyDLPS・  
AIsopartofthislargergoalisDLPS’responsibilitytoarticulatean‖infbrmation  
architecture”forthecampusinwaysthatpositiontheUniversitytoparticipateininter－  
institutionalcooperativeactivities・Tothisend，fbrexample，DLPShasbeenactiveina  
numberofnationalandinternationaldigita11ibrarylnitiatives．  
STA茸ⅤING  
Sta捕nginDLPShasgrownwithitsaccomplishments．InitialstafYingwassetatlevels  
necessarytoprovideabaselineofcommitmenttoa1loftheseareas，Withgrowthexpectedfbr  
newformatSandforextendingDLPS’commitmenttoissuessuchascross－COllection／fbrmat  
integration．In1998，theUniverslty’sProvostmadeargumentsonbehalfoftheLibrary’s  
budgetrequest，a1lowlngbothaconsolidationandanextensionoffundingfbrDLPS・  
Currently，DLPSisapproximatelytwentyfulトtimeequivalent（FTE）staff（Withonlytwo  
FTEinpartialandstudentappointments）．4Asofearly1999，therearefourprimaryareasof  
DLPS（蔦gure2）：  
● TwoareaswithinDLPSarejbrmat－SPeCPc，Withresponsibilityforcomplexand   
SPeCializeddecisionssurroundingtheselectionoffbrmats，theirapplication，related   
Onlineimplementationissues，andlong－termSuPPOrtfbrthesefbrmats．Currently，these   
twoareasareencodedtext（SGMLandXML）andcontinuoustOneimaging．Chris   
Powell，thecoordinatoroftheHumanitiesTextInitiative，hasresponsibilityfbrthe伽stof   
theseareas，andhasstaffandresourcestoensurethattextsareCreatedinappropnate   
WaySandthatcollectionsaremountedefEbctively．JohnWeise，thecoordinatorofImage   
Services，hasresponsibilityfbrcontinuoustoneimaglng，andsimilarlyhasstaffand   
resourcesforcreationandconversion，aSWellasonlinesystems．  
● ThethirdareawithinDLPSisarelativelylargeandwell－integratedSystemsGroup．The   
PrOgrammerSWithinthisgroupworkinclosecooperationwiththeservicecoordinators  
（above）to？nSurethatsystemsarecreatedtoeffbctivelysupportonlineaccessto   
CO11ectionslntheseandotherareas．Allsystemsareb11iltthroughateamef馳rt，drawlng   
OnStaff丘omacrosstheorganization，andespeciallythosewithintheSystemsGroup・   
ManyPrOgrammerSwithintheSystemsGrouphaveareasofspecialization，including（for   
example）SGMLandXML Thisensuresahighdegreeoftechnicalandfbrmat   
understandinginbuildingtheonlinesystems・  
・ThefourthareawithinDLPSisan”in丘astruCture”group，1nCludingstaffmemberswho   
PrOVideservicesthattouchonmostareasofDLPSoperations．Forexample，aDLPS   
InterfaceSpecialistisresponsiblefbrworkingwithimplementationteamstoperfbrma   
functional㍑needsassessment”fbreachsystem，andthentodesignandevaluatethe  
3Thisresponsibilityexcludesinfbrmationthatissimplybibliographic．TheUniversityLibrary’sSystemsOfnce  
maintainsavarietyofsystemsfbrcreating，maintaining，andaccessingbibliographicinfbrmation，includingthe  
Libraryonlinecatalog，MIRLYN．  
4AnimportantpartOfDLPS，growthin1998wastheestablishmentofadevelopmentorganization・AIsoapart  
OftheLibrary’slargerDigitalLibraryoperation，DigitalLibraryProgramDevelopmenthasasitsresponsibility  
thedevelopmentandtestingofmodelsandprogramsthatmayeventually伽dtheirwaytotheproduction  
Organization・ThisexpansionoftheUMDigitalLibraryInitiativewi11beextremelyhelpfulinallowlngDLPS  
tofbcusitsenergies・WhileDLPDhasbegunasarelativelysmallorganization（approximatelyfburFTE，  
includingoneFTEofstudentsupport），Wehopethatittoowillgrowasopportunitiesandchallengespresent  
themselves．  
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interfacefbrthatsystem・AIsointhisgroupareStaffmemberswhoperfbrmdataloading   
andtechnicalsupportforDLPSsta圧ThisgroupisledbyanassistantheadofDLPS，   
Whoalsohasasam叫OrreSPOnSibilityfbrDLPS“data”management・Thiscriticalarea   
PrOvidesanintegrativeoversightrolefbrdatacreationandmanagement，glVlngattention   
toquestionssuchaswhatdataelementsarecaptured，Wherearetheystored，andhowcan   
WeenSureef龍ctivemlgrationofdata．  
A貢氏hareaofDLPSistheNEH－fundedMiddleEnglishCompendiumoperation・TheMEC  
StaffmembershaveresponsibilityfbrconvertlngandencodingthemonumentalMiddle  
EnglishDictiona7y，andcreatlngthecomplexandauthoritativeHyperBibliographyofMiddle  
EnglishProseandVerse．TheMEC，Onlineathttp：／／www．hti．umich・edu／mec／representsa  
mqjoreffbrtinMiddleEnglishphilology，andintendsonedaytoaddalargebodyofencoded  
textprlmarySOurCeS録omtheperiod．AlthoughthefutureoftheMECissti11uncertaln，We  
arehopefulthatitwillgeneratesufncientrevenuetosupporttheongolngeXtenSionofthe  
resourcesitincludes．  
CoLLE．CTIONS  
Currently，DLPSmanageSCOllectionsinthreeprincipalareas：bitonalpageimages（typica11y  
Withrawtexttofacilitateretrieval），enCOdedtextwithorwithoutassociatedbitonalpage  
images，andcontinuoustoneimagecollections．Withineachoftheseareasarebookand  
JOurnalco11ections，andavarietyofart，arChitecture，andartifactimages．Includingthepages  
inthePEAKcollection（EIsevierjournals），DLPSmanagesapproximatelyeightmi11ionpages  
Ofbooks，journals，andrefbrencematerialsonline．In1999－2000，WeWilladdtothis  
approximately2・3millionpageimagesaspartofamonographconversionprq7eCtuSlngtitles  
inourBuhrStoragefacility，aSWellasseveralmillionmorepagesofjournalmaterial．  
ParticularlyundertheaeglSOftheHumanitiesTextInitiative，aPPrOXimatelythreemi11ion  
PageSmanagedbyDLPSareencodedtext．Mostofthismaterialishistorica11iterature  
（nction，POetry，Philosophy，andotherprose），butasignincantportionoftheSGML／XML  
materialisalsoreferenceworkssuchastheMiddle助glLshDictionaTy・ImageServices  
managesadiversebodyofmaterials，ranglngfromhighresolutionimagesofpapyri打omthe  
UniversityofMichiganPapyrologycollection，rarebooksandmanuSCrlPtS，arCheologlCal  
O切ectsfromtheKelseyMuseumofArcheology，andartandarchitectureimages丘・OmSeVeral  
CamPuSando路campusorganizations・hall，itcontainsapproximately25，000images，and  
lOO，000descnptiverecordsforvisualresourcematerials・Itisimportanttonotethatthough  
theseresourcesarenearlywithoutcomparisoninthedigitallibrarycommunlty，thesizeof  
thesecollectionsMaPPrOXimatelyl，200journalsand20，000monographictitles5岬theypale  
incomparisontothelargeresearchlibrary・6  
EcoNOMIESOFScALE  
ThesizeandarrayofresourceswithintheUmiversltyOfMichiganDigitalLibraryProduction  
Servicecreatesslgni鮎anteCOnOmiesofscale，makingmanyprocesseslessexpensiveand  
ensurlngtheavaihbilityofresourcestosystemsoractivitiesthatmightnototherwisehave  
them・Weareabletocapitalizeoninvestments誓uChasexpensive戸earChen申es（Or”fYee”  
SearChenginesthatareexpensivetosupport），uSlngthemfora 
． 
5ThesizeofthevisualimagecollectionsISgrOWlngquicklyandmaysoonbeasizecomparablewithcampus  
Slidecollections．  
6currentcollectionstatistics，includingcoarseindicatorsofusage，areOnlineat  
http：／／www・umdl・umich・edu／dlps／stats／・  
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● ㍑Persistent乃URLs：ThelnternetSti111acksadominantandsuccessfulmodelforcreatlng   
URNs，1eavlngdigitallibraryproductionorganizationswithaneedtoinventandsustain  
interimlethods・AtDLPS，thesemethods（basedonCGI－aCCeSSibledatabase   
mechanlSmS）areelaboratedoncefbreachtypeofsystemsupportedbyDLPS，andare   
thenusedsubsequentlyascollectionsareadded．  
●Internetcommerceandauthentication：Investmentsinmethodsfbrauthenticationand   
commerceareultimatelynecessaryfbrorganizationsofthissort・AtDLPS，Wehaveused   
severalmethodsfbrper－itemcommercetransactions，includingcreditcardtransactions，   
anduseOracledatabasesfbrmulti－institutionauthenticationinthePEAKsystem．These   
mechanisms，alongwithSSL，areaVailableaspartofothersystemsorcollectionsthat   
DLPSbuilds．  
● TooIsandmethods：Liketheresourcesneededfbrauthentication，manySPeCializedand   
oftenexpensivetooIsareneededfbrdigitallibrarysupport・SearchenglneSand   
compression／decompressiontooIsfbron－the－nyCOnVerSionare」uSttWOeXamPles・DLPS   
usestooIssuchastif2gifこCPC，andwaveletcompressionareusedinavarietyofsystems   
asdictatedbyneedandfbrmat・7  
● Expertiseincomplexareas：SkillsinchallenglngareaSSuChasSGML／XMLorsupport   
forSQLdatabasesarea？やportantcomplOdity，andbuildingaproductionorganization   
by＝1easlngnSuChexpertlSelSnOtrealistlCWhenthesystemsofaccessormanagement   
dependsofundamentallyonthem・DLPShasbenentedfromthesesortsofinvestments，   
especia11yinSGML／XMLskillsandinimaging（fbrmats，COlor，andmetadata）・   
DLPSARCHETYPES：SYSTEMS，NoTPROJECTS  
TheUniversltyOfMichiganDigitalLibraryProductionServiceisworkingtode重neclasses  
Ofsystems，andtoputinplacemechanismstosupporttheseclasses・Thesesystemsrepresent  
archetypes，andeachcollectionisassessedtodeterminewhetherandhowitmight鎖texistlng  
SyStemS・Wearec？refulnottojbrceaparticularbodyofmaterialtontoneoftheexisting  
systems，butwhenltispossible，Weareabletoachievethosepreviouslymentioned  
economiesofscalemuchmoreefftctively．Thisapproachalsoresultsinotherslgnincant  
advantages．  
● Byapproachingsupportfbrthedigitallibrarylnthisway，Weareabletodrawon   
SlgnificantfbrmatexpertisewithinDLPS・  
● WeareabletodeploycollectionsinanenvironmentofongolngSuPPOrtandplannlng・   
Eachclassrepresentsamodelor丘ameworkfbrcontinulngeXPanSionratherthana   
Standalonesystemthatcouldbeorphaned・  
● DLPSstaffmembersareabletoparticIPatemOree脆ctivelyinnationalorreglOnal   
COOPerativeeffbrts，Sharingmodelsandexpertise・Theselargere肋rtsenrichDLPS   
effbrtsatthesametimethatDLPScontributestothelargerdigita11ibrarycommun1ty・  
7Tif2gifisalocally－developedtoolfbrveryfhstconversionofTTFFG4imagestovariouslevelsofGIF・  
WrittenbyDougOrr，itisoptimizedfbrtheunlqueCharacteristicsofTIFFG4，andgeneratesGIFimagesso  
quicklythatitisnotnecessarytostorepre－COmPutedGIFs・Sourceandbinariesareavailableonlineat  
http：／／polyphemus．engin．umich．edu／tif2gif7．CPCisCartesianlnc・’scompressionfbrmatfbrTIFFG4images・  
UsingitfbrthePEAKsystem，fbrexample，Weareabletoachieveanearly3：1compressionratio・Conversion  
fromCPCissufncientlyfastthatweareableto？OnVertimagestoother（user－requeSted）fbrmatsontheny・  
lnfbrmationonCPCcanbefbundathttp：／／ca11eslaninc・COm／・Toprovidegreater血nctionalityfbrcontinuous  
toneimages，WeuSeLizardTech，sMr．Sidwaveletcompressionso允ware・Usingwaveletcompression，Weare  
abletostorethefu1lresolutionoftheimage，albeitcompressed，and庁omitwecangeneratederivative  
resolutionsorenablepannlngandzoomlngOnPOrtionsoftheimagela11inrealtime・lnfbrmationonMr・Sid  
Canbefbundat旭p‥〝www・lizardtech・COm／・  
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Aswecontinuedevelopmentoftheseclasses，Weare舟equentlyabletoseeopportunitiesfor  
consolidationorexpansion・Apowerfu1exampleofthisre負nementprocesswasencountered  
in1998・TheHTI，incooperationwithSGMLSystems，deployedeachnewcollectioninits  
nativeSGMLencoding，re－uSlngaCCeSSmeChanismspreviouslydevelopedwhereverpossible・  
AlthoughDLPSprlnCiplesofre－uSeWereinwideevidence，thelargenumberoflegacy  
systemsfbrtextcollectionshadbecomeaslgnincantproblemwhenwewantedtoaddnew  
ftatures．Eachnewfbatureassumedafbundationofcodethatmayormaynotbeinexistence，  
dependingonwhentheco11ectionwasputonline・Astrategywasarticulatedfbrencodingall  
suchcollectionsinacommonfbrmat，andbuildingaslnglepleCeOfcodetoprovideallofthe  
functionalityneededfbrallofthetextco11ections・Ifthecollectionwaspredominantlydrama  
andHTIwishedtoprovidesearchingonspeakersandspeeches，thissubroutinewouldbe  
invoked；Otherwise，incaseswhereitwasinappropriatetotheco11ection（orspeakerand  
speechwerenotencoded），SPeaker／speechsearchingwouldnotbemadeavailable・The  
appr？aChwaschristenedGUMS（GeneralUninedMarkupSystem），andearlyworkon  
movlngtOimplementcollectionsandsystemsuslngGUMShasbeenverysuccessfu1・There  
isaclearsense，however，thatwemustundertakeanongolngaCtivlty，Paralleltotheworkof  
extendingthecurrentsystems，tOre萬neanddocumentofthecurrentsetofclasses・  
TⅡREESAMPLEMoI）ELS  
TheprlnCipleselaboratedearlierareclearlyvisibleinmanyofthecollectionsorservices  
WithinDLPS．Eachofthefb1lowlngthreeexamplesbenented丘ompreviousworkwithin  
DLPS，andeachfbrmsaclass，aSWe11asasystemtowhichmorecontentcanbeadded・   
MakingofAmericaandEncodedTextSystems  
Thesystembuiltfbrthe丘rstUniversltyOfMichiganMakingofAmericacollectionwas  
designedtofu11ysupportpreservation－Orientedconversionmethodsandprovideagatewayor  
evenbridgetothehigh－qualityaccesssystemsdevelopedfbrtheHumanitiesTextInitiative・  
ThehistoryoftheUMMOAdevelopmentefbrtisdocumentedelsewhere，andamore  
lengthytreatmentofthetechnologyusedisalsoavailable・8TheUMMOAsystemhasbeen  
extraordinarilysuccessful，bothasanarchitecturewithintheDLPSdigita11ibraryeffbrts，and  
asadigita11ibraryresourcefbrabroadrangeofusers・（figures3－6）   
OfpnmarylmPOrtanCeintheUMMOAarchitectureiss11pPOrtfortheproductsofaLibrary  
Preservationprocess．Imagesinthesystemare600dpibitonal，TIFFG4Ⅲes．No  
derivatives（e．g．，GIForJPEGimages）arecreatedorstored，eXCePtatthetimeofviewing  
request．Whenauserrequestsapage，thesystemgeneratesaGIForPDFderivativeinreal  
timeandwithoutanyappreciabledelay（typica11ylessthanonesecond）．Fourlevelsof  
resolutioninGIFaremadeavailabletousers，takinglntOaCCOuntthewiderangeofdisplays  
andnetworkconnections；a600dpiPDFversionisalsomadeavailable，Pnmarilyfbrprlntlng．  
（ngure6）WhilethenumberofpagesNaPPrOXimately3millionbylate2000Misrelatively  
Sma11comparedtoatypICalresearchlibrarycollection，itslargesize，eXpeCtedcontinued  
growth，andcontinuingchangesindesktoptechnology（includingnetworking）argueagainst  
StOringanythingbutthemasterimagesonline・Usepatternsalsosuggestthataslongaswe  
areabletogenerateappropnatederivativesinrealtime，basedonuserdemand，Wewill  
Signincantlyminimizetherequirementsfbrmanagement［Price－Wilkin，1997］．Ofcourse  
therearesti11concernSabouttheappropnatenessofTIFFG4asapreservation－quality  
8ForthehistoryoftheUMMOAeffbrt，PleaseseeBonn，1999・ForinfbrmationonthetechnologyusedinUM  
MOAl，PleaseseeShawandBlumsen，1997．  
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SurrOgatefbrpages，buttheUniversltyOfMichiganLibrarybelievesthatthisformatPrOVides  
ahighqualitysurfogatefbrmostprintedmaterials．9   
Pageimages丘omthePreservationconversionprocessaresubsequentlytreatedbyautomated  
OpticalCharacterRecognition（OCR），andtheOCRisassociatedwiththepageimageusing  
asimpleformofSGML・TheextensibilityoftheMOAsystemhasinfactbeentested  
throughourOCRprocesses‥tWOgenerationsofOCRhavebeenappliedtoa1lofthematerials  
Withouttheneedtochangethesystemarchitecture．CurrentOCRtechnologyusedbyDLPS  
isavotlngSyStem，PrOVidingtheMOAsystemwithaslgni坑cantlyhighqualityofcharacter  
representationthantypICalOCR・10Thesystemexhibitsapproximately99・8％accuracyfbr  
nearlyallcontent－bearingpages（e．g．，eXCludingpageswithengravingsandtextualpages  
SuChasthetitlepageandadvertisements）［Bicknese，1998］．TheSGMLappliedtothetextis  
XML－COmPliant，andprovidesinfbrmationsuchasimagelocation，PagetyPe（e．g．，tableof  
COntentS），“COnfidence”oftheOCR，andpagenumber．（ngure7）   
TheautomaticallygeneratedSGMLinMOAisalsolargelyconsistentwiththeText  
EncodingInitiative（TEI）Guidelines，allowingafu11integrationwithDLPS’encodedtext  
effbrts・Whilecertainattributessuchasthosementionedabove（e．g．，OCR“con航dence”）  
havebeenaddedtotheMOASGMLDocumentTypeDe航nition（DTD），itisotherwise  
entirelyconsistentwiththeTEI．ThishasallowedDLPS’encodedtextoperationsinHTIto  
extractindividualtextsandupgradethem，COrreCtlngOCRandapplyingfullerencoding．  
BecausetheMOAsystemisfundamenta11yTEI－COmPliant，itcanaCCOmmOdateboththe  
looselyencodedtextsandtextswithmoredetailedencoding．Asresourcesareavailableto  
HTI，materialscanbeenhancedinMOA，enSunngbetterretrievalandhigherlevelsof  
functionalityfbrusers．（軸ures8－9）．   
ExtensibilitylSCriticalfbrasystemofthissizeandimportance・TheUMMOAsystemhas  
beendesignedtobeaugmentedinavarietyofwayswithoutslgn浦cantoverhaul．For  
example，DLPShasregeneratedOCRfbrMOAwithoutinterruPtlOnSinservice，thereby  
improvlngretrieval．TextscanbeaugmentedbyHTI，aSdiscussedabove．Newtextscanbe  
addedasPreservationresourcesa1low，andallindexingandpreparationofWebpagesis  
automated．Theunderlyingbodyofmaterialscanremainlargelyunchangedwhileworkon  
enhancedinterfacestakesplace岬aprOCeSSthattookplacebetweenNovember1998and  
January1999．WebelievethattheMOAsystemisamodelofscalabilityandextensibility．   
ThesuccessoftheMOAarchetypehasbeenmultifbld．Ithasallowedustoaddmaterials，a  
PrOCeSSnOWunderwaywithMOA4（2．3millionadditionalpages）．IthashelpedreduceHTI  
COStS，PrOVidingareadilyaccessiblesurrogatefbrtheencodingprocess；in1998－1999，HTI  
WilladdlOOmoretextstotheAmericanVersePrqjectcollection（See  
http：〟www．hti．umich．edu／english／amverse／）．HTIworkswiththeMOAsystemandcontract  
SerVicestokeepltSOVerauCOStdownandensurefutureintegrationofitsproductswitha  
Preservationsurrogate．Perhapsmostslgn摘cantamongMOA’ssuccesses，however，isthe  
levelofusebyabroadrangeofusers．Whilethepnntedsourcematerialswerelargely  
unused（mosthadnotcirculatedinmorethantenyears），intheironlinefbrmattheyare  
9Theauthorwouldliketosuggestthatthisfbrmatishigh1ysuccess餌asasurrogatefbrp血tedmaterials，and  
thatenergiesinthePreservationcommunityshouldbefbcusedonaplantocoordinatestorageofthebooksand  
JOumalsthemselves，incofyunCtio”Withthismethodofdigitalconversion・NomethodofsulTOgaCyCanr甲Iace  
theprinteda11ifhct，butthemethodusedfbrprdectssuchasMOAwillcost・efftctivelysatisfynearlyalluser  
needs，leavingtheoriginaltosatisfytheremainder．  
10weuseprimeRecognltlOnlsPrimceOCR・Infbrmationisavailableathttp：／／www・prlmereCOgnition・COm／・  
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SearChedsome100，000timeseachmonth，andapproximatelylOO，000pageimagesare  
displayed．Theconstantstreamofpositiveuserresponsescomes丘omgenealoglStS，  
philologists，andacademicsalike・11   
Image Seroices 
ThesystembuiltbyDLPSImageServicesprovidesahighdegreeoffunctionalityfbra  
Varietyofimagesofobjectsranglng丘omartandarchitecture，tOartifacts，tOmanuSCrlPtS．It  
isalsoamodelfbrftderatlngdiversecollections，reSPeCtlngtheautonomyandheterogenelty  
Ofthesourcecollectionwhilecreatlngaunionco11ectionfbrmainstreamusers．   
ImageServicesusesamapplngStrategyfbritsmetadata，keeplngthenative蔦eldnamesand  
databutsimultaneously“tagglng”eachfieldwithacorrespondingvalueinasortofDublin  
Corescheme．ThisallowsImageServicestoprovidecollectionsintwoways：nrSt，aSa  
highlyfunctionalversionofthedatabasemaintainedbythecontributingorganization（e．g．，  
theUniversityofMichiganMuseumofArt）；andsecond，withgeneric蔦eldlabelscommonto  
alloftheimagesinthesystem・Thus，fbrexample，theMuseumofArtmightusethe坑eld  
label“Artist，”whiletheHistoryofArtDepartmentmightusethe茄eldlabel“Source．”  
HavingselectedonlytheMuseumofArtdataonline，theuserwouldbepresentedwithsearch  
OPt10nSfbr“Artist，”anddatawouldbedisplayedaccordingly．However，iftheusersearch  
acrosstheentirecollection，theDublinCorevalue“Creator”ispresentedtotheuserasa  
SearChoptionandinthedisplayofrecords．（ngurelO）This，alongwithfbaturesfbrtailoring  
displayandfunctionality（discussedbelow）ensuresthatacontributingor芦anizationsuchas  
theMuseumofArtwi11e呵Oythebenentsofapowerfu1andhigh1yfunctlOnalsystemfbr  
theirdata．Tryingtobringtogetherawidevarietyofadministrativelyseparatecollectionson  
CamPuSischa11englng，butwebelievethattheincentiveofacost－ef托ctive，inexpensive，  
highlyfunctionalhostservice（ratherthan，forexample，administrativemandates）hasbeen  
Verye脆ctiveincreatingaun摘eddatabasemanagedbyDLPS．   
DLPSImageServicesusesaunineddatabasetoensureahighlevelofperfbrmanceand  
flexibility．Indeed，manyOfthecollectionprovidersmaintainlocalmanagementsystemsthat  
COuldbebroughtonlinesuccessfu11y．ThediversltyOfsystems，includingOracle，FileMaker，  
Embafk，andothers，WOuldpresentaseriouscha11engetocreatlngadistributedsearchftature．  
Instead，dataareextracted魚・OmeaChofthesesystemsonaperiodicbasis，andarethenported  
intotheDLPSImageServicessystem・（ngurell）．Usingthemethodsdescribedabove，  
ImageServicesisstillabletoprovideaccesstoeachcollectionasifitwereanisolated，  
SeParatelymanagedcollection；theftderatlngaPPrOaChdoesnotfbrcealowestcommon  
denominatorefftct．Instead，theslgnincantresourcesofDLPScanbeleveragedtoprovide  
fastersearchmechanisms，low－COStRAID，andaround－the．clockmaintenanceofthedatabase．  
Thesetooareeffbctiveincentivestoorganizationswhenconsideringwhethertomounttheir  
datathroughacentralcampusagencysuchasDLPS．  
llAmongthemanypositiveuserresponsesthatcontinuallycometotheMOAsite，thisremarkbythechairof  
theHistoryDepartmentataCalifbrniauniversityisonethatstaffmembershavemostappreciated：  
IhaveJuStbrienytriedMOAanditisthemostamazlng，SpeCtaCularresearchtooIsincetheXerox  
machine・ItiswhatIassumedthefutureoflibrarieswouldbe，buttobequitehonest，IneverbelievedI  
WOu】dlivetoseesomuchofthepastputon－1ineinsuchanaccessiblefbrrn．Businessdatasure，but  
history？？‘Paradigmshift’isalmosttoolimitedaterm．Tobeabletosearchfbranywordandpullthe  
documentuponthescreen（arldprintitout）bogglesthemind．Ihaveabookatthepublishersnow，  
andrealizethatIamgolngtOhavetopu11themanuscrlptuntilIgetachancetouseyourdatabase．  
Congratulations，yOurfbundershavethethanksofproftssionalhistorianSandstudentsfbrtheir  
fbresightintowhatisclearlythe鮎tureofthepast．  
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TheImageServicessystemisveryrichinfunctionality．Primari1ytosatisfythevarietyof  
needscreatedbythediversecollections，ImageServiceshasbuiltitssystemuslngatemPlate  
SyStem・Byspecifying（andpossiblyevencreating）adifftrenttemplate，OneCanmakethe  
SyStemaPPearradica11ydiffbrently・Forexample，thepnmarylnterfacepresented′tousersisa  
SearChinterface，withresultsappearlngaSaCOllectionofthumbnailswithassociated  
descriptiveinfbrmation・（ngure12）Eachthumbnailanddescriptivelabelis，Ofcourse，alink  
toafullerresolutionviewandmoredescrlPtlVedata・However，byinvokinganOther  
templatesuchasthatfbr“slideshows，＝thesystemcanbemadetoappearasasetoflarger  
！magesinapre－Selectedandsetsequence・（ngure13）Anothertemplatesprovidesan  
lnterfacesfbrcomparisonofmultipleimages，Criticalfbruseofartandarchitecturalimages．  
（ngure14）Eachhigh－reSOlutionimageisultimatelydisplayedwithapan－and－ZOOminterface．  
（ngure15）Userscantakeadvantageoflownetworkspeedconnectionsorlow－enddisplays  
bysendingrelativelysmallsegmentsofhighresolutionimagesacrossthenetwork，and  
Pannlngdirectiona11ytoviewmoreoftheimage・Thisfbaturehasbeenextremelyusefultoa  
Widevarietyofusers，includingourPapyrologlStS，Whousethesystemtoworkwith  
extremelyhighresolutionimagesofpapyrl，andarerarelyequlpPedwithcomputlng  
resourcestobeabletobringupthefu1lresolutionimage・   
TheapproachtakenbyImageServicesisextremelyscalable・Addingothercollectionsincurs  
Onlysmall，marginalcosts（e・g・，RAiDandtimetoprocessthenewcollection）ratherthan  
requlrlnguStObuildanewsystemfbreach．Wearealsoabletoaddnewfunctionalityeasily，  
adding“modules”orsubroutinestothecurrentmiddlewareratherthanre－Wntlngthe  
PrOgramSeaChtime・Atthesametime，thesystemprovidesahighdegreeoffunctionalityfbr  
awidevarietyofusers，includingthosewhoownandmaintainthecollectionsrepresented．   
PEAKlヱ  
ThePEAKsystemis，inthesimplestterms，ameChanismfbrdeliverlngtheentirebodyof  
EIsevierScience’sJOurnalstoadozeninstitutions，withvarylnglevelsofaccesswithinand  
acrossinstitutions．Itis，however，aneXCellentexampleofthevalueofaproduction  
Organizationinanacademicresearchinstitution．TheUniversltyOfMichiganwasabletouse  
DLPStoleverageproductiontechnologleSinsupportoftheresearchmissionofthe  
Universlty．Althoughalternativeswereavailabletouslngalocally－developedsystem，those  
alternativeswouldnothaveallowedustousetheEIseviermaterialstolearnaboutthe  
economicdecisionsofusersandinstitutionswhenuslngCurrent）Ournals・13   
Criticaltoourbeingabletosupporttheresearchmissionwasourabilitytouseknown  
technologleStObringthejoumalsonline．TheUniversltyOfMichiganhadpnorexperience  
withtheEf臨ctSpecincations（i．e．，EIsevier’sfbrmatfbrdeliveringimage，OCR，and  
metadata）duringtheTULIPexperiment，andasmentionedearlier，UMdevelopedseveral  
Slgni員canttooIstomaketheTULIPjournalsavailable・Notably，KenAlexanderhad  
developedthesearchenglne，FTL，Whichwassubsequentlyusedandre坑nedinJSTOR，and  
DougOrrhaddevelopedtif2giftoenablereal－timegenerationofGIFderivatives舟omthe  
TIFFG4images．（ngures16－19）TheuseofthesetooIsinpreviousenvironments（e・g・，  
12ThisisintendedprimarilyasadescriptlOnOfthewaythattheproductiontechnologleSaidedinpursulnga  
researchagenda・A且ⅢerreportontheresearchconductedinPEAKshouldbeavailableinmid－1999・  
13 Moreover，thecommerciallyavailablesystemslackedimportantfunctionality・Forexample，indeveloping  
OurOWnSyStemWeWereabJetoeasilylntegrateCPCcompressiontosavediskspace，andUMIsistheonly  
WOrkingsystem（OfftringEIsevier’scontents）thatindexesentireissues、includingmiscellaneOuSfrontandback  
maftersuChasindexes．  
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TULIPandtheearlydaysofJSTORdevelopmentatUM）allowedustolookpastthese  
criticalhurdlesandinsteadtofocusonsupportingtheresearchmodel・Theavailabilityofthe  
knowntechnologleSalsoallowedustoinvestenergleSinputtlnglnPlacedatabase  
mechanismsfbrauthenticationandfbrsubscnptlOn／purchasecontrolinformation，aSWe11as  
newmethodsfbrcompressiontohandlethelargeamountsofmaterial・Materialbeganto  
arriveinlatesummer，1997．Withinaftwmonths，thesystemwasreadyfbruseatthe  
UniversltyOfMichigan，andbythebeglnnlngOf1998，itwasreleasedtothesubscribing  
institutions．   
WithEIsevier，scooperation，Michigancontractedwithelevenotherinstitutionstodeliverthe  
l，200joumalswithsomeveryunlqueSubscnptlOnmOdels・UsingamodeldictatedbyProf  
JeffMackie－Mason，fourtypesofaccesswereputinplace：  
1．Free：01dermaterials（i．e．，Pre－1997）weremade丘eelyavailabletoa11prqject   
ParticIPantS・AllprqJeCtPartlCIPantSWerealsopermitted丘eeaccesstobibliographicand   
fu1トtextsearches，WithnochargesleviedbrviewlngCitationsorabstracts・  
2・Traditionalsubscription：Asitsnamesuggests，thismodelcorrespondsdirectlytothe   
familiarsubscnptlOnbyjournaltitle．AtraditionalsubscrlPtlOntOaJOurnaltitlepern1its   
unlimitedaccesstothearticleswithinthatJOurnalfbrthesubscriberorsubscribing   
institution．  
3・Per－articlepurchase：Whenaccesstoanarticleispurchasedbyauser，theuserhas   
unlimitedaccesstothatarticle．Whileatonelevel，thisisafairlyunremarkableftature，   
Mackie－Mason’sadditionalstlPulationthatthisaccessshouldnotbetime－boundadded   
theburdenofuslngadatabasetoassociateauseridentltyWithanarticleidentlty・This   
ensuredthatthattheuserwhopurchasedaccesstoanarticlewouldcontinuetohave   
unrestrictedaccesstotheonlinearticleforthedurationoftheprq］eCt．  
4．Generalizedsubscription：ThegeneralizedsubscrlPtlOnisthemostnovelandmost   
ChallenglngadditiontoPEAK．AgeneralizedsubscrlPt10nCOnSistsofanumberof   
“tokens”thatcanbespentonarticles．Aninstitutionwouldpurchase“bundles”oftokens，   
OrgeneralizedsubscnptlOnS．Whentokensareavailable，theyarespentonbehalfofusers   
fbrarticlesnotcoveredbyothersubscnptlOnmOdels．Forexample，ifauserattemptedto   
readanarticle抒oma」Ournalnotinaninstitution’straditionalsubscriptlOnS，ageneralized   
SubscrlPt10ntOkenwouldbespentonthatarticle．Thearticlewouldthenbeavailable，   
Withoutrestrictions，tOa1lotherusersattheinstitution．Again，thePEAKsystemmust   
COllectinfbrmationaboutindividualarticleaccesspermissions，andassociatethemwith  
users什omeachinstitution．  
Theresearchmodelfurthercomplicatesthesemethodsforaccess，Whereallmethodsfbr  
accessarenotavailabletoa11institutions，andnotallinstitutionschoosetotakeadvantageof  
allmethodsavailabletothem．Thiscreatesacomplexmatrixofusersandmaterials，amatrix  
thatmustbeavailableandreliablefbrthesystemtofunctionproperly．（figure20）．Please  
notethatpublicationsanalyzlngtheresultsofthisresearchwi11follow．Wehavealready  
learnedimportantlessons，however，andareworkingtosharedataonusewiththe  
PartlCIPatlnglnStitutions．   
InimplementlngPEAK，OurPrOductiontechnologleSande甲eCial＆ourproduction  
O7￥anizationallowedustoextendthedigita11ibrarymorefu11yintotheUniverslty’smission  
OfresearChandteaching．IndependencefromEIsevierwascriticalinorderfbrustobeable  
totestthesemodels，andthebodyofEIseviermaterialswasequallyimportanttoensurethat  
userswouldhaveavaluablebodyofmaterialsthatwoulddrawthemintotheresearch  
environment・Theultimatecontrolandflexibilityofthelocalproductionenvironment  
allowedtheUniversltyOfMichigantoperfbrmreSearChthatwouldprobablynothave  
－38－   
Otherwisebeenpossible，OrCOuldnothavebeenperfbrmedinwaysthattheresearcher  
StlPulated．  
MoDELS－CoNCIJtrS‡ON  
Thesemodelsystemshelpustounderstandthevalueofaproductionorganizationinbuilding  
thedigitallibrary・TheyalsoamplydemonstrateeachoftheprlnCiplesoridealsproposedas  
CriticalfbrthefunctionlngOfadigitallibraryPrOductionorganization・  
1・Noneofthesesystemswouldbepossiblewithoutthefu11integrationofDLPSintothe   
Library，andindeedtheUniversltyltSelt Politica11yandprocedura11y，thefactthatDLPS  
isapartoftheUniversltyLibraryensuresarangeofoutcomes，includingefftctive   
PreServation－？rientedconversionanddeployment（inthecaseofMakingofAmerica），   
OnlinestrategleSguidedbyinfbrmationprofbssionals（ina1lofthesystems），and  
integrationofonlineresourceswithsubscriptionandacquisitionprocedures（especiallyin   
thecaseofPEAK）．  
2・Eachofthesesystemsisorrepresentsa“class”ofinfbrmation，Withconsistent   
Characteristicsandsupport．Eachiseasilyextensiblethroughtheadditionofftaturesor   
migrationofcode，andeachcontinuestogrow（insize）withoutrevi？ionoftheunderlying   
mechanisms．TheimperativesofDLPShaveensuredthatwehavelnVeStedinthese   
modelsandlong－termValue，ratherthanhastilydeploylng＝stovepIPeSHofseparateand   
inconsistentsystemswithoutintegration．  
3・Theinvestmentsmadeinthesystems（andsu？POrtfbrthem）renectahigh1evelof   
investmentconsistentwiththeinstitutionalmlSSion．Thequalityoftheunderlying   
resources，fbrexample，isextraordinarilyhigh，justastheunderlyingmetadataare   
extraordinarilyrich．Thestaffresources（20FTE）areprimarilybasebudgetresources，   
andstaffskillsareveryhigh．14  
4．AllofthesystemswereconstruCtedsothattheycouldbesupportedinanOPen－ended   
fashion（i．e．，aSmuChasitispossibletosaythis，inperpetuity）．Capturefbrmatsareall   
Standards－basedandhigh員delity；infact，mOStareSuitablefbrcreatlngrePlacement   
COPleSOforiginalpublications・Innearlyallcases，the“archival”versionofthedigital   
SurrOgateisalsotheonlineversion・  
Thesemodelsareallcost－efftctiveandsustainable，andrepresentmodelsystemsfbrDLPS，  
Withaslgn漬cantemphasisplacedonlong－termSuPPOrtandextension・  
lCoNCLUsIsN 
Theprogressofdigitallibrarieswilldependincreaslnglyonthecreationofproduction  
Organizations，particularlywithinlibraries・Thedigita11ibrarycannotthriveonaproliftration  
Ofexperimentalprq）eCtS，prq］eCtSthatwilltenttounderminetheviabilityofcollectionsand  
WOrkagalnStCOOPerativearchitectures・horderfbrthedigitallibrarytothrive，WemuSt  
begintoseeashift丘omりprq】eCtS＝toりarchetypes・”Afbcusonarchetypesratherthan  
prqjeCtSisonlypossibleinaproductionorganizationbecauseoftheneedfbrcontinultyand  
re－uSeOfresourcesinacoordinated，Plannedway・   
Theefftctivedigitallibraryproductionorganizationmustbefu11yintegratedintocampus’  
academicmission，andespeciallyintothemissionandfunctionsofthelibrary・Thiscanonly  
bedonebysituatlngthedigitallibraryproductionorganizationinthelibrary・Toomanyof  
theprocessesandresourcesneededtosupportthedigitallibraryareapartOflibraries；the  
pnnciplesfbrinfbrmationorganizationandmanagementareaneSSentialpartoflibrarianship・  
14whilenotnecessarilyanindicationofski11†itisusefh＝onotethatmostDLPSstaffmembersareatrelatively  
high1evelsofclass漬cation・  
岬39－   
Successincreatlngdigita11ibraryproductionorganizationslikethoseIdescribeherewillalso  
leadtoanincreasedprobabilitythatwewillsuccessfu11yfヒderatedigitallibraryresources・  
Theholisticapproachcreatesnotonlyeconomiesofscale，butalsoimportantopportunities  
fbrintegration．AtMichigan，thisapproachisleadingtotheelaborationofanarchitecture  
Whereeverydigitalo切ectismanagedinhighlyfunctionalwaysthatensurethelong－term  
maintenanceofthato旬ect．ThisarChitecturealsobringstheseresourcestogetherinways  
thataretransparenttotheuser，butwhichensurestightintegrationofmultimediaresources  
（ngure21）・A氏）CuSOワOVerallarchitectureisessential，andagaincanonlyensuefromtesting  
hypotheses in production organizations. 
Finally，SuStainabiliqTISOneOfthekeylSSueSOfthedigitallibrary，andanissuethatalsoargues  
fbrthepresenceoftheproducdonoperation・Certainly，aSanideal，manyOfuscanreadily  
embracethenodonthatdecisionsmustbemadewithregardfbrlong－termValueofthedigital  
Obiect・Itisonlythroughapermanentproductionorganizadonpanorganizadonwithfhndingln  
abasebudget，Withopen－endedappolntmentSfbrsta托andwithlong－termreSPOnSibiliqTfbr  
maintenanceandmlgradon～thatthisidealcanbesupported・  
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FIGUREl  
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FIGURE2：DLPSORGAN］ZATIONCHART  
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FIGURE3：MAKINGOFAMERICA－SEARCHINTERFACEANDSAMPLERESULTSCREEN  
TheMakingofAmericasystemo脆rsavarietyoftypesofsearches，includingtheadvanced  
Booleansearchseenabove．  
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FIGURE4：MAK量NGOFAMERICA－LOCAT10NOFRESULTSWITHINSINGLETEXT  
ローRmeric8  
戯曲軒ゆ鯨鵜紬鮎   
A仙ー：辿檻塾堅′ざ哩′  
Ti触：HyもOn丘だ噂e紺Idmyたee丘om‥．  
Citア：ⅣewYo血JIAu加皿Jp血bl由h艦ー：抑止kr′Or旧m＆cロリD札馳：ほ57．馳将門：舶缶p喝e5  
訃劇中和也：如：山草輌．  
迦．通塾些迫  Go To： 岬  
一指鮎p喝里  
方oo瓦m乱丁蜘撫 ロRL 辿りJ澗．Ⅷm丘LⅦn如h．ed血相トも址山九o細5g岬担  
for仙耶止：  
琵Ⅷn札∫yOf此he5：  
Se8∫Ch：  
Ⅵ厄rl娼廿はt加11通e‖aも0止血n“卿he托′虻血‖且01喝1aヨ3‖ね仇eA血r  
●鼠」基い一説bo地m  
魯鼠」旦竺…aも0止也コm  
場鼠こ』塁…モ血0地n  
O鼠」基準－一曲畑地n鰐）  
聯p．m－－at旧止血m  
●‡L」ヱ旦…モ血0触rL  
●‡」ユ皇星－一札bo止血n  
■駐」旦旦－－abo址也凸n（8）  
■虹ユ堕…∈血ロ1i也コm（5）  
○軋▼ユ巨星－一己血0肋n  
●迅ユ…abロIi血n（3）  
●旦⊥＿旦塞い－aboli加m  
関都賂  
ノ、JJ√r√ノ／  
MOAresults（withinaselectedtext）bringtheusertothepageorpagescontainingresults，  
andgivetheuserinfbrmationonthedistributionofresultswithinthosepages・  
ー45－   
FIGURE5：MAK‡NGOFAMERICA－SAMPLERESULTSSCREEN（RELEVANCEFEEDBACK）  
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andvariousastheMOAvolumesisparticularlyproblematic・Instead，reSultsarepresentedto  
theuserwithimportantinfbrmationonthenumberofoccurrences，thetotalnumberofpages，  
andthenumberofpagescontainlngmatChes．  
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FIGURE6：MAKINGOFAMERICA－rAuTOMATICALLYGENERATEDGIFpAGEDISPLAYAND  
OTHERDISPLAYRESOLUTIONS  
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FIGURE7：PRODt］CTIONMOI）ELFORMAKINGOFAMERICA  
AllMOAprocesslngbeglnSWithMARCrecordsandbasiccollationinfbrmationderivedin  
the？rOCeSSOfpreparingthevolumes（e・g・，nunberofpages，Pagenumbering，etC・）・After  
routlneSCannlng，tyPicallybyvendors，OCRisgeneratedatMichigan．ThisOCR，alongwith  
theMARCrecordandcollationinformation，isboundtogetherbyarudimentarySGML  
COnSistentwiththeTEIGuidelines．  
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FIGURE＄：MAKJNGOFAMERICAbINTEGRAT10NOFENCODEDTEXTSINPAGEIMAGES  
Preservation／  
Br酬e Books  
Making of 
America  
AllMOAmaterialsbeglnwithevaluationandtreatmentbythePreservationDepartment・  
ThetyplCalMOAo旬ect，Page－imagebasedresource，iscreatedinexpensivelyandquickly・  
ThisgrowlngbodyofmaterialsthenserveSaSaCOilectionsourcefbrDLPS，sencodedtext  
initiatives（intheHumanitiesTextInitiative），Whereindividualvolumesmaybeselectedfbr  
re董inementofencoding，aSWellascorrectionofOCR．Theresultingvolumereplacesthe  
automaticallygeneratedmaterialinMOA・  
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FIGtJRE9：SAMPLEりTABLEOFCONTENTS門DISPLAYFROMENCODEDTEXT‡NMOA  
AMOAvolumethathasbeenfullyencodedandwhoseOCRhasbeencorrectedmay  
SubsequentlybevieedasanHTMLdocument（withtheSGMLtextbeingusedtogenerate  
theHTMLatthepolntOfuse）・Thismorefunctionalversioni戸Particularlyusefulfbrvision－  
impairedusersoftheWeb，aSWellasfbrtextualanalysis，butlmPOrtantlyspeedstransfbr  
timesfbrordinaryusersandallowsmoreeffbctivesearchingandreadingofthetext・  
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FIGURElO：METADATAMAPP‡NGINDLPSIMAGESERVICES  
De．creato『  
ImageServicesusesametadatamapplngStrategythatlinksthe蔦eldlabelsofthecontributing  
institutiontoDublinCore航elds・BoththeonglnalneldsandtheDublinCoreneldsare  
retainedinthesystem，enablinguserstoapproachthesystemasifitwereaunineddatabase，  
Ortheunmodifieddatabaseofthecontributingorganization．  
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FIGURE11：DATABASEMERGINGINI）LPS‡MAGESERVICES  
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FTGURE12：SAMPLEIMAGESERVICESSEARCHINTERFACE  
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FIGURE13：SAMPLE‡MAGESERVICES㍑sL‡DESHOW卵vIEWOFACOLLECTION  
Thisview（above）oftheImageServicesdatabaseis丘omthesamedatabaseasthatwhich  
generatestypICalsearchresults．Thediffbrenceinpresentation－inthiscaseaslideshow，  
Withpre蠣Selectedviewsandorder－isdeterminedbya“template”whoselayout  
COmmunicateswiththeimagedatabase．  
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FIGURE14：CoMPARISONFUNCT‡ONAuTYINIMAGESERVICES  
Anothertemplate（Cflthe“slideshow”templateabove）availableintheImageServices  
SyStemisthe＝comparisonntemplate・Ita1lowsindividuallyselectedsearchresultstobe  
PreSentedinpanels，Sidebyside・  
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FIGURE15：舶PANANDZOOM門FEATUR．E‡N‡MAGESERV且CES  
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酌GURE且6：Au耶膵N耶CATIONSCREENFROMPEAKsYSTEM  
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FIGURE17：PEAⅨTSIMPLESEARCHINTERFACEANDSAMPLERESULTSSCREEN  
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